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Outline 


¢ Issues with evaporation/condensation at interface 

¢ Temperature jumps at an interface—sharp gradients 
¢ Interface physics: mass and energy transfer 

¢ Model equation: solved two ways 

¢ Numerical methods: subgrid model & coupling 

¢ Results: practical demonstration of method 
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K-Site: Slow Self-Pressurization al 
Captures Pressure Evolution 
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CNES Low-g Slosh: Heavy Boiling Phas@s 
with Condensation and Transit 
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CNES Low-g Slosh: Pressure Evolution 
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Temperature “Jumps” at the Interface 


W=- | p dV Work done on the vapor phase 


Pressurization caused by: 


| J ¢ Pressurant 


Boiling liquid 
; ¢ Clouds rise/fall 
Compe ee ¢ Temperature gradients 
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Pressurization of a Compressible Gas 
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Energy/Heat Equation 


0T (OT, , 
Ply a — Ka = interface + Avap C, p 
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¢ Fluid motion 
¢ Temperature variation in interface plane 
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Heat Equation: Series of Exact Solution 


OT 0°T . 
ply a Ka 2 = inter face + Cvap 


2 
gr —— 
me (x, t)= Too (¢) 7" ya =1 (410A yap (t= Cj ))1/2 e€ — a, X 2 0 


ri t;<t Qi Fn EY 
liq lq 4a jig (t-t;) 
PM (%,t) = Too = a =1 (Amari (tt) 1/7 eu 1, XS 


li 
T_? is assumed constant 


T- Vo 
T..’(t), from isentropic compression = = e? (2) 
1 


dT dT . . 
(eg Bea seas = (—Kvap on Sn = F flux = Me lux (DinsevPave sl intertdse UE. Am incor fees) 


www.nasa.gov 


National Aeronautics and Space Administration Nasal 


Heat Equation: Numerical Solutions 
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Temperature “Jumps” at the Interface 
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IAtermission- Mid-Review 


¢ Thermal Layers: role of heat near the interface 
¢ Exact & numerical solutions: verification 
¢ Evaporation/Condensation rates: 


— Temperature gradients at interface, O(1 mm) 


— Heat transfer near interface is important-- 
if not rate limiting 


¢ From Physics, application to CFD 
simulation --- 
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CFD: Subgrid Model for Interface 


Fine grid needed to resolve thermal layers ~1mm 
Interface can move and curve 


— grid generation nightmare, even unstructured, 
adaptive grid 


Subgrid model moves with the interface 
Solves the 1-D heat equation normal to interface 
Four couplings between subgrid model and Fluent 


Energy & mass source terms in liquid/vapor 
equations 
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Coupling Between Subgrid Model and 
Simulation 


1-D Heat Equation 


Region R : Xinterface = Lia xp-¢) 
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Coupling 3: Fluent Source Term interface 
(liquid & vapor) 


Coupling 4: Fluent Source Term dinter face 
(liquid & vapor) 


Mass and Energy are conserved 
Must be careful about sizing Fluent source terms!! 
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¢ 2219 Aluminum; Volume 4.34 m?; 1.D.1.70m; I. H. 2.33 m 
¢ 1.25” SOFI, 60 layers MLI; 2.54 mm wall thickness 
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EDU CAD Geometry 
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¢ Axisymmetric geometry/grid 
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EDU CAD Geometry 
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Phase A Test Data 
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Test HT-15, 16 on day 3 of Phase A testing 

90% Fill level 

Pressurant gas at 290 K through the unsubmerged diffuser supply line 
Small drain flow, less than 1% of volume 
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Press 11 at 87.23 seconds Sy 
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Results 


Experimental Ullage Pressure 
—Simulation Predicted Pressure 
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Good measure of condensation rate? 


For duration, pressurant inflow to condensation is between 1.5:-1 and 2:-1 
After 123 s, pressurant declines 
Assuming pressure release after 131s 
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Conclusions 


¢ Proof of concept for improved interface mass & 
energy transfer 


e Accommodation coefficient of 1.0 


Extension to curved surfaces, multiple surfaces 


¢ Need to examine other problems in the context 
of this result 
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Mass & Heat Equations 
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